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[57] ABSTRACT 

Processes are disclosed for the preparation and manufacture 
of dried legumes to make a quick cooking whole bean and 
bean paste food product which is rehydrated to a food 
product having the appearance and organoleptic texture of 
canned or conventionally prepared Mexican style refried 
bean product. One embodiment is the production of dehy- 
drated bean flakes and/or powders which are instantly rehy- 
dratable. Subsequent to cleaning, sorting and washing, the 
beans are either milled by dry grinding or wet milling. The 
slurry is cooked and dried by a continuous method. Another 
embodiment is the production of dehydrated whole beans. 
Whole beans are cooked by conventional methods without 
pre-cooking or soaking after being sorted, cleaned, and 
washed. After cooking the whole beans, beans which are no 
longer intact and now are in the form of a slurry are 
separated from the intact beans. The whole beans are dried 
in a manner which does not disrupt their intact structure. The 
cooked bean slurry is dehydrated to form a flake and/or a 
powder. 

30 Claims, 1 Drawing Sheet 
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METHOD FOR MANUFACTURE OF DRY 
INSTANTLY REHYDRATABLE BEAN PASTE 

BACKGROUND OF THE INVENTION 

The present invention concerns improvements in the 
processing, production and product quality of a dry flaked or 
intact, reconstitutable leguminous product. More 
particularly, the invention relates to a continuous process for 
producing a dry flaked, instantly reconstitutable Mexican 
refried bean product. The invention is an advance in the 
technology for the preparation of a rehydratable bean prod- 
uct because the method eliminates the steps of soaking and 
pre-cooking the beans, reduces the cooking time, and con- 
sistently results in a dried product that is truly reconstitut- 
able to a product with the desired characteristics of Mexican 
style refried beans. 

Refried beans are a popular side-dish used in Mexican 
style cooking. Mexican style foods have become one of the 
fastest growing segments in the American food market, both 
for home use and in institutions such as restaurants. Usually 
the product is prepared from scratch in a process that 
involves several steps in the kitchen. These steps include 
soaking the beans for several hours, cooking the beans in a 
kettle for several more hours, and mashing the cooked 
beans. The cook usually prepares a large batch which is then 
refrigerated and refried by heating a portion of the batch to 
serve at each meal. Since this process is time consuming, 
expensive and labor intensive, canned refried beans have 
become popular for home use. However, canned beans are 
expensive and inefficient to use in the preparation of refried 
beans for institutional and restaurant use where large quan- 
tities of a product with consistent characteristics is desired. 

Restaurant-sized cans of beans are heavy, expensive to 
ship, require large storage areas, and are inconvenient to use 
in the preparation of large quantities of refried beans. 
Restaurant cooks must open many cans to prepare large 
servings. Cooks must be skilled in the cooking of refried 
beans so that a consistent, high quality product is offered to 
customers. Disposal of the resulting empty cans is also a 
problem for the restaurant. Therefore, dehydrated beans 
packed in bags are preferred for restaurant and institutional 
feeding. Not only is shipping and storage easier and less 
expensive, but also the preparation is simpler, usually just 
involving adding hot water and serving. In addition, the cost 
per serving for dehydrated refried beans is less than that of 
canned refried beans. These factors have led to a growing 
demand for dehydrated refried bean products for institu- 
tional and restaurant food preparation. 

The prior art in the commercial preparation of dehydrated 
bean products has provided numerous methods to form dried 
whole beans, bean flakes, and bean powders which are 
reconstitutable. In general, these prior art methods consist of 
combinations of the following steps; soaking, blanching, 
parboiling, physical manipulations prior to cooking, cooking 
under pressure or at atmospheric pressure, post-cooking 
manipulations, and various methods of drying the cooked 
product. If the desired final product is dehydrated, cooked 
whole beans, the prior art discloses that beans are soaked or 
blanched without pre-cooking physical manipulation. The 
prior art discloses reconstitution of dried flaked and/or 
powder product as occurring with hot water in a few 
minutes. Reconstitution of dehydrated, cooked whole beans 
occurs in approximately fifteen minutes. Both batch and 
continuous processes are disclosed in the prior art for 
making dried leguminous products. 

Problems encountered by the prior art methods include 
large production areas to soak and cook the beans, long time 
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periods necessary for soaking and cooking the beans, lack of 
adequate controls over the cooking process leading to over 
or under cooking and batch to batch variability, and a 
product that does not closely resemble the conventionally 

5 prepared product In addition, the reconstitution of the dried 
product often takes longer than a few minutes, even when 
hot water is used. Moreover, powders produced by these 
methods tend to produce a lumpy product after rehydration. 
As such, there is a continuing need in the art to provide 

10 a dried, leguminous product in large quantities, in a rapid 
fashion, with reduced production costs in a form that is easy 
to ship, store, and prepare. There is also a continuing need 
to make a product that has consistent properties, when 
rehydrated can have a variety of textures, which instantly 

15 rehydrates with either hot or cold water, and when rehy- 
drated has the texture, taste, color, and appearance of 
legumes prepared in a conventional manner. 

SUMMARY OF THE INVENTION 

20 

A method for producing dehydrated leguminous food 
products which with the addition of liquid instantly forms a 
reconstituted food product having the characteristic flavor, 
appearance and color of non-dehydrated, cooked legumi- 
25 nous food products is described. These dehydrated products 
are produced by milling the legumes to form a slurry or paste 
containing particles and liquid, cooking the resulting legu- 
minous slurry or paste, and drying the cooked food product. 
The dried food product is instantly rehydratable with a 

30 tiq^ 

Another embodiment of the invention is a method for 
producing both intact and less than intact, i.e. sub-intact, 
dehydrated leguminous food products by employing parallel 
processing systems. One processing system mills legumes to 

35 form a slurry or paste containing particles and liquid, cooks 
the resulting leguminous slurry or paste, then dries the slurry 
or paste. In the parallel processing system, intact legumes 
are cooked without soaking or other pre-cooking steps, the 
sub-intact cooked product is removed from the intact cooked 

40 product and the sub-intact cooked product is combined with 
the cooked, milled product prior to drying. The intact, 
cooked legumes are dried in such a manner as to not disrupt 
their intact structure. These intact and sub-intact dried 
products can be mixed in various ratios before or after being 

45 rehydrated with a liquid to form a product having the 
characteristic flavor, texture, appearance and color of non- 
dehydrated, cooked leguminous food products. 

Another embodiment of the invention is a method for 
producing dehydrated intact leguminous food products 

50 which with the addition of liquid forms a reconstituted food 
product having the characteristic flavor, appearance and 
color of non-dehydrated, cooked, intact leguminous food 
product. These dehydrated products are produced by cook- 
ing the uncooked, intact leguminous food product without 

55 soaking or other precooking steps, and drying the cooked, 
intact food product. The dried food product is quickly 
rehydratable with a liquid. 

DESCRIPTION OF THE FIGURE 

60 

The FIGURE is a process flow diagram for the apparatus 
employed in and the method of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

65 

The present invention is an advancement in methods for 
producing dry, rapidly reconstitutable food products. The 
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problems encountered by the prior art processes and 
products, as well as other problems, have been overcome by 
the present invention. The invention is a process which 
begins with washed legumes which are subsequently milled 
to form particles, These particles are mixed with liquid 
either during the milling or subsequent to milling. The 
resulting slurry is pumped under pressure into an apparatus 
which heats the slurry. After the slurry is cooked, the slurry 
is dried. The dried product can be collected and further 
processed. In a parallel process, legumes are cooked in a 
batch format so that the cooked legumes retain their original, 
intact form. After cooking, these intact legumes are sepa- 
rated from any leguminous material that is not intact. The 
intact legumes and non-intact leguminous materials are then 
dried. 

By milling the beans prior to cooking, one embodiment of 
the present invention eliminates soaking the beans, greatly 
speeds up cooking times, and results in a superior product. 
By eliminating the need for large soaking vessels and long 
soaking times, the present invention dramatically decreases 
the production times for dehydrated whole beans and bean 
paste, and decreases the need for large areas devoted to 
soaking beans. By eliminating the need for batch cooking 
vessels and long cooking times for the flaked and/or powder 
product, one embodiment of the invention eliminates the 
need for large amounts of floor space to accommodate 
industrial size kettles and shortens the time for cooking. The 
use of either direct steam injection or indirect heat exchang- 
ers in a continuous cooking process is more efficient than 
batch cooking because very little heat escapes to the room 
during the shortened time required for cooking in a closed, 
continuous cooking system. In addition, the cooked product 
dries faster than its non-milled counterpart, thus saving on 
energy as well. By collecting the cooked bean product which 
is no longer intact after batch cooking whole beans and 
drying this sub-intact product to a flake and/or powder, the 
production of dehydrated whole beans is made more eco- 
nomical. 

The flakes and powders produced by the milling of beans 
prior to cooking are superior to similar products produced by 
other methods. There is little variation in the quality of the 
product produced by this method. The powders produced by 
this method do not produce a lumpy product after rehydra- 
tion. Dehydrated products produced by the present method 
are rapidly reconstituted even in cold water. Cold water 
reconstitution is useful for bean dips, dry mixes, and items 
destined to be frozen. Tnis method can be practiced with 
clean-in-place equipment. Furthermore, this process is not 
limited to bean products but can be used to produce any 
legumes, grain or starch based instant cooking food paste. 

Although the preferred embodiment of the present inven- 
tion is directed to making a dried bean product, this process 
is not limited to beans, but can be used to produce any 
legume, grain or starch dried food product. 

PRE-MILLING 

Dried legumes are subjected to inspection, sorting, pre- 
washing and washing in an automatic or manual manner in 
accordance with known methods in the art. Legumes which 
are inferior or substandard are discarded at this time. After 
washing, the legumes are drained and any residual water 
removed. At this time, beans are divided into separate lots, 
one lot destined to be milled, the other to remain whole. 

MILLING 

Legumes destined to become paste are milled either by 
grinding the beans dry or milling them in the presence of a 
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liquid. The preferred liquid is water. Whole beans or bean 
pieces can be used for milling. 

If legumes are wet milled, water is injected into the mill 
during the milling process. Injected water can be at any 

5 temperature. The injection of hot water is a preferred 
embodiment of the invention. The injection of water heated 
to temperatures of 160-180° R is a more preferred embodi- 
ment of the invention. The resulting slurry can contain a 
variety of particle sizes ranging from coarse to fine. It is 

10 preferred that the solids content of the slurry is between 
20-50%. The slurry can be passed directly into a surge tank 
or, in the alternative, be passed through a variety of mesh 
sizes prior to entering the surge tank. The size of the mesh 
chosen is based on the desired characteristics of the final 

15 product. Preferred mesh sizes range from 10 to 100. The 
slurry is held in the surge tank for times of 10-50 minutes. 
The time the slurry is held in the surge tank is the shortest 
period of time consistent with the need to balance the flow 
of product throughout the entire process. The slurry can also 

20 be passed through mesh of varying pore sizes as the slurry 
passes from the surge tank into the continuous cooker. Wet 
milling is a preferred embodiment of the invention. 

An alternative embodiment of the invention is dry milling 
the beans. Whole beans or bean pieces which are dry milled 

25 can be ground to a variety of particle sizes as well, ranging 
from coarse to fine. Before dry milled beans are mixed with 
an aqueous liquid, they can be passed through mesh of 
various sizes. After, or during the transfer of the dry, milled 
beans to the surge tank, the milled product is mixed with an 

30 aqueous liquid, preferably water, to form a slurry. It is 
preferred that the slurry have a solids content of 20-50%. 
The temperature of the aqueous liquid used to form the 
slurry can be either hot or cold. Mixing the dry milled beans 
with hot water in the surge tank is a preferred embodiment 

35 of the invention. The slurry is held in the surge tank for times 
of 10-50 minutes. The time the slurry is held in the surge 
tank is the shortest period of time consistent with the need 
to balance the flow of product throughout the entire process. 
The slurry can optionally be passed through a variety of 

40 mesh sizes after it leaves the surge tank. 

Other ingredients can be added to the beans at any time 
during the process. One embodiment of the invention is to 
add ingredients to the slurry while it is in the surge tank. 

4S Such ingredients might include fats, such as lard, flavoring, 
salt, preservatives, spices and acid. The slurry is then 
pumped under pressure to the cooker. 

COOKING 

50 The cooking temperature, the length and diameter of the 
tube used to cook the product destined to be bean paste, as 
well as the rate of pumping of the slurry will determine the 
time necessary to cook the product, without over or under 
cooking the product. The color of the final product is also 

55 determined by the cooking time. Either direct or indirect 
heating methods can be used. A preferred embodiment of the 
invention is an indirect cooking method. Preferred embodi- 
ments of the indirect cooking method include plate heat 
exchanger, shell-in-tube, or swept surface heat exchanger. 

60 The swept surface heat exchanger is the most preferred 
embodiment of the indirect heating method because it adds 
mechanical action to the cooking slurry which results in a 
cooked product with a smooth texture and excellent mouth 
feel. The most preferred embodiment of a swept surface heat 

65 exchanger is one manufactured by Votator. 

An alternative method of heating is a direct cooking 
method. A preferred embodiment of the direct cooking 
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method is the injection of food grade steam directly into the 
slurry. This method instantly heats the slurry under pressure 
and speeds cooking. 

The slurry is pumped under pressure through the cooker 
heated to a temperature which will result in a cooked 
product. Preferred cooking temperatures range from 
between 250-400° F. Preferred pressures range from 
between atmospheric pressure and 350 psi. Cooking times 
range between 5 seconds and 15 minutes. Preferred cooking 
times are from 2-3 minutes at pressures of 50-75 psi. 

The cooked product is then pumped under pressure to a 
water jacketed tube which cools the product below its 
boiling point. Cold water can be added to the cooked product 
to assist in the cooling process, dilute the slurry, and increase 
the flow rate. 

Beans which are destined to remain whole are cooked by 
a batch method, without a prior soaking, tempering, blanch- 
ing or parboiling step. A preferred embodiment of the 
invention is to cook the beans which are to remain whole 
under pressure using direct injection of steam. This is a 
method well known in the art. Cooking times will vary. 
Preferred cooking times are between 20 minutes and one 
hour. During the cooking process a portion of the beans will 
rupture. After cooking is completed, cool water is added to 
the cooking vessel to cool the product to below its boiling 
temperature. After cooling, the cooked whole beans are 
separated from the ruptured beans. A preferred embodiment 
of this separation is to drain the cooked product over a 
coarse mesh which allows beans which ruptured during 
cooking or were otherwise reduced to less than intact beans, 
to pass through the mesh. Whole beans which are retained by 
the mesh are then rinsed and drained before they are dried. 
The portion of the cooked product which passed through the 
mesh is of a consistency similar to that of bean paste 
produced after milling and cooking. A preferred consistency 
is 10-35% bean solids. A most preferred consistency is 
15-30% bean solids. 

Another embodiment of the invention is cooking whole, 
intact beans without presoaking or other precooking steps 
without employing a parallel processing system for the 
non- intact, cooked food product. Beans which are destined 
to remain whole are cooked by a batch method, without a 
prior soaking, tempering, blanching or parboiling step. A 
preferred embodiment of the invention is to cook the beans 
which are to remain whole under pressure using direct 
injection of steam. Cooking times will vary. Preferred cook- 
ing times are between 20 minutes and one hour. During the 
cooking process a portion of the beans wilt rupture. After 
cooking is completed, cool water is added to the cooking 
vessel to cool the product to below its boiling temperature. 
After cooling, the cooked whole beans are separated from 
the ruptured beans. Whole beans which are retained by the 
mesh are then rinsed and drained before they are dried. 

DRYING 

After cooling, the product derived from milled beans, or 
from the ruptured beans after batch cooking, is dried to the 
form of a flake and/or powder. The product passes from the 
water jacketed cooling system to a cooked bean slurry tank. 
The slurry derived from the cooked whole beans is trans- 
ferred into the cooked bean slurry tank without further 
cooling. A preferred embodiment of the invention is the 
merging of the milled bean derived slurry and the slurry 
derived from the whole beans which did not remain intact 
after cooking into the same slurry tank. From that tank, the 
cooked slurry is fed into a dryer. Any method of drying 
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which results in a dried food product can be employed. 
Preferred methods of drying include, but are not limited to, 
belt dryers, spray driers, fluid bed dryers, drum dryers and 
tray dryers heated by steam, hot water, hot oil, heated air, 

5 electrical, infrared, microwave radiation or direct fire. A 
more preferred method of drying is a rotating drum dryer. 
Either a single or double drum dryer can be used. The most 
preferred method of drying is a double drum dryer. The 
inside of the drum is heated, preferably with steam, and most 

10 preferably under 10-150 pounds of pressure per square inch. 
Steam heated drum drying is the most preferred method of 
drying because it uses less energy. The thickness of the film, 
and the resulting flake, can be varied by changing the 
settings of the drum dryer gap between the rolls. A preferred 

15 form of the product is a film of 0.001-0.25 inches in 
thickness. The product is dried to a moisture content of 
5-12%. 

With any device used to dry the product, the surface 
where the cooked food product adheres must be above the 

20 boiling temperature of water. This causes the water in the 
slurry to boil away and form a dry product on the heated 
surface. The thickness of the dried film is determined by 
either the gap between the drum and/or feed rolls and the 
ratio of water to solids in the cooked slurry. The thinner the 

25 film which is placed on the heated surface, or which is 
pressed to a reduced thickness after being placed on the 
heated surface, the more rapid is the drying process. The 
dried film or sheet can be removed by scraping Dried sheets 
and/or flakes are collected. 

30 Whole beans are dried by any means which allows the 
beans to dry without damaging their appearance. The prod- 
uct is dried to a moisture content of 5-12%. A preferred 
method of drying whole beans is a forced air belt dryer. 

35 FLAKING 

After collection, the dried film or sheet can be further 
processed by passing it through various flake sizing mills. 
Thus, various sized flakes and various particle sizes of 
powders can be produced. Preferred sizes of flakes range 

40 from flakes Yz inch in size to flakes which pass through size 
10 mesh. Flakes may be ground to powder, depending upon 
the desired characteristics of the final product. During or 
after processing, dried flakes and/or powders of different 
sizes can be mixed with each other, as well as with dried 

45 whole beans. In addition, dried flakes, powders and whole 
beans can be mixed with other agents. These agents include, 
but are not limited to, various spices and fats as required for 
packaging. 

RECONSnTUITON 

50 

The finished flaked product can be rehydrated instantly or 
within a few seconds, usually without stirring, in hot or cold 
water. Stirring after the addition of water assures consistency 
of wetting. Products with various textures and properties can 

55 be obtained by varying the particle size of the milled 
product, the post-dehydration processing steps, and by com- 
bining dried products of different sizes. 

The dried flaked or powder product can be instantly 
reconstituted with water to a bean paste that can be used in 

60 Mexican style refried bean products. The dried product is 
reconstituted within a few seconds in hot or cold water with 
minimal stirring. The reconstitution of the dried product in 
cold water renders the dried product useful in a wide range 
of foods that are served cold, including bean dips and frozen 

65 foods. 

Hot water is used to rehydrate the whole bean product. 
Reconstitution of whole beans occurs after 5 to 15 minutes. 
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The time required for rehydration is dependent on the What is claimed is: 

temperature, time, and pressure used in the process, as well 1. A method for producing dehydrated leguminous food 

as type of legume processed. products which with the addition of liquid instantly form a 

reconstituted food product having the characteristic flavor, 

EXAMPLE 5 a pp Carancc color of non-dehydrated, cooked legumi- 

Whole beans are washed and drained in a washing plant nous food products comprising the steps of; 

and transported to the process plant. The beans are conveyed (a) milling the legumes to form a leguminous slurry or 

(I) into receiving bins (2a, 2b). From the receiving bins, paste containing particles and liquid; 

beans enter conveyors (4, 5) via a slide gate (3a, 3b) into a (b) cooking the leguminous slurry or paste so as to yield 

hopper (7) of a volumetric screw feeder (6). A portion of the 10 a cooked leguminous food product; 

beans is diverted into a parallel processing system after (c) drying the cooked leguminous food product so as to 

being conveyed on a belt conveyor to an inclined conveyor yield a dried leguminous food product, and 

(28). The beans are then volume trically metered into the (d) mixing the dried leguminous food product with a 

grinder (8) where they are combined with heated water (9) dried, cooked product of intact legumes. 

at a rate of approximately 8,266 Ibs/hr. The resulting slurry 15 2. The method of claim 1 wherein the legumes are beans. 

is pumped (10) at a rate of 12,266 lbs/hr into a surge tank 3. The method of claim 1 wherein the legumes are dry or 

(II) for 30 minutes of surge time. The slurry is then wet milled. 

transferred (12) at a rate of 12,266 lbs/hr into swept surface 4. The method of claim 1 wherein the particles and liquid 

heat exchangers (13) heated with steam (14), preferably two of step (a) are separated from each other after milling, 

swept surface heat exchangers arranged in series (13a, 13b). 2 o 5. The method of claim 4 wherein the separation is 

It is preferred that the slurry is pre-heated to 100° F. The accomplished with a mesh in a size range of 10-100. 

slurry is then heated from 100° F. to 320° R and transferred 6. The method of claim 3 wherein the leguminous slurry 

at the same rate to a holding tube (15) where it cooks for 2-5 or paste contains 20-50% solids. 

minutes. The slurry then passes through a swept surface heat 7. The method of claim 3 wherein other ingredients are 

exchanger (16), preferably arranged in series (16a, 16b), 2 5 added to the milled legumes. 

where the slurry is cooled from 320 to 190° F. Water at 8. The method of claim 1 wherein the slurry or paste is 

approximately 50° F. (17) is pumped (18) to the slurry in the cooked by direct heating methods. 

first heat exchanger at a rate of 6,134 lbs/hr. This addition 9. The method of claim 1 wherein the cooking occurs at 

increases the flow rate though the coolers to 18,400 lbs/hr. atmospheric pressure. 

After cooling to approximately 190° R, the cooked product 30 10. The method of claim 1 wherein the leguminous slurry 

is transferred (19) at a rate of 18,400 lbs/hr to a surge tank or paste is cooked at temperatures between 250 to 400° F. for 

(20) with an agitator (21) for a holding time of 30 minutes. 5 seconds to 15 minutes under pressures between 50-75 psi. 

The time the cooled slurry is held in the surge tank is the 11. The method of claim 1 wherein the cooked legumi- 

shortest period of time consistent with the need to balance nous food product is dried to a moisture content of 5-12%. 

the flow of product throughout the entire process. The slurry 35 12. The method of claim 1 wherein the cooked legumi- 

is then pumped (22) into a recirculating loop to a drum dryer nous food product is dried with a belt dryer, a spray dryer, 

(23a-/) at a rate of 4,600 lbs/hr. A preferred arrangement is a fluid bed dryer, a drum dryer or a tray dryer heated by 

four drum dryers in series. The dried sheets are discharged steam, hot water, hot oil, heated air, electrical, infrared, 

onto conveyors (24a-/) to bucket elevators (25a-c) leading microwave radiation or direct fire. 

to flakers (26a-c) and then into a holding bin (27a, 27b) for 40 13. The method of claim 12 wherein the cooked legumi- 

subsequent transfer to packaging. The dried flakes and/or nous food product is dried on a single drum dryer, 

powders can be mixed with dried whole bean product. 14. The method of claim 1 wherein the dried leguminous 

In the parallel processing system, the beans are conveyed food product is further processed. 

(28) to a hopper (29) which feeds (30a, 30b) the beans into 15. The method of claim 14 wherein the dried leguminous 

a pressure cooker (31). Preferably, there are two pressure 45 food product is milled or flaked. 

cookers aligned in parallel (31a, 31b), The pressure cooker 16. The method of claim 1 wherein other ingredients are 

is linked to a hot water supply (33) and a steam supply (34). added to the dried leguminous food product. 

The cooked product enters (32a, 32b) a conveyor (35) to a 17. The method of claim 1 which is automated by 

dewatering screen (36) where the cooked product is sprayed metering pumps and is self cleaning. 

with cold water (37). The drained, cooled whole bean 50 18. The method of claim 1 which is continuous. 

product is transported in a bucket elevator (38) to a belt 19. The method of claim 1 wherein the cooking occurs 

dryer (39). The product which passes through the screen is under pressure. 

transported (43) to a surge tank (20) for mixing with cooked, 20. The method of claim 1 wherein the slurry is cooked by 

milled product. After drying the intact beans, the product is indirect heating means. 

placed on a conveyor (40), then a bucket elevator (41) to a 55 21. The method of claim 12 wherein the cooked legumi- 
surge bin (42). The product is collected in a drum for nous food product is dried on a double drum drier, 
subsequent transfer to packaging. The dried whole beans can 22. A method for producing dehydrated leguminous food 
be mixed with the dried flaked and/or powder product. products which with the addition of liquid instantly form a 
While this invention has been described in connection reconstituted food product having the characteristic flavor, 
with specific embodiments, it should be understood that it is 60 appearance and color of non-dehydrated, cooked legumi- 
capable of further modification. The claims are intended to n ° us food products comprising the steps of; 
cover those variations which one of skill in the art would (a) milling legumes to form a leguminous slurry consist- 
recognize as the equivalent of what has been described ing of particles having a mesh size of 10 to 100 mesh 
herein. Thus, various omissions, modifications, and changes and liquid or paste consisting of particles having a 
to the principles described herein can be made by one skilled 65 mesh size of 10 to 100 mesh and liquid; 
in the art without departing from the true scope and spirit of (b) cooking the leguminous slurry or paste so as to yield 
the invention, which is indicated by the following claims. a first cooked leguminous food product; 
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(c) drying the first cooked leguminous food product so as 
to yield a first dried leguminous food product, and 

(d) mixing the first dried leguminous food product with a 
second dried, cooked product comprising legumes 
selected from the group consisting of cooked intact 5 
legumes and cooked less than intact legumes. 

23. The process of claim 22 wherein said second dried, 
cooked product comprises cooked intact legumes. 

24. The process of claim 22 wherein said second dried, 
cooked product comprises cooked less than intact legumes. 1Q 

25. The process of claim 22 wherein after mixing the first 
dried leguminous food product with a second dried, cooked 
product comprising legumes selected from the group con- 
sisting of cooked intact legumes and cooked less than intact 
legumes to form a mixture, the mixture is rehydrated with 
liquid to form a reconstituted food product. 15 

26. A method for producing dehydrated leguminous food 
products which with the addition of liquid instantly form a 
reconstituted food product having the characteristic flavor, 
appearance and color of non-dehydrated, cooked legumi- 
nous food products comprising the steps of; 20 

(a) milling legumes to form a leguminous slurry consist- 
ing of particles having a mesh size of 10 to 100 mesh 
and liquid or paste consisting of particles having a 
mesh size of 10 to 100 mesh and liquid; 

(b) cooking the leguminous slurry or paste so as to yield 25 
a first cooked leguminous food product; 

(c) drying the first cooked leguminous food product so as 
to yield a first dried leguminous food product; 

(d) cooking an amount of unmilled legumes and providing 

a slurry from said amount of unmilled legumes; 30 

(e) removing slurry from the cooked amount of unmilled 
legumes and adding said slurry to the leguminous 
slurry or paste of step (b) before completing step (c); 
and 
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(f) mixing the first dried leguminous food product with a 
second dried, cooked product comprising cooked 
legumes which comprise product of step (d). 

27. The process of claim 26 wherein said unmilled 
legumes in step (d) comprise intact beans. 

28. The process of claim 26 wherein said unmilled 
legumes in step (d) comprise less than intact beans. 

29. A method for producing dehydrated leguminous food 
products which with the addition of liquid instandy form a 
reconstituted food product having the characteristic flavor, 
appearance and color of non-dehydrated, cooked legumi- 
nous food products comprising the steps of; 

(a) milling legumes to form a leguminous slurry consist- 
ing essentially of particles having a mesh size of 10 to 
100 mesh and liquid or paste consisting essentially of 
particles having a mesh size of 10 to 100 mesh and 
liquid; 

(b) performing a step consisting of cooking the legumi- 
nous slurry or paste so as to yield a first cooked 
leguminous food product; 

(c) drying the first cooked leguminous food product so as 
to yield a first dried leguminous food product, and 

(d) mixing the first dried leguminous food product with a 
second dried, cooked product comprising legumes 
selected from the group consisting of cooked intact 
legumes and cooked less than intact legumes. 

30. The process of claim 29 wherein said leguminous 
slurry or paste cooked in step (b) consists essentially of 
milled legumes, water, fats, flavoring, salt, preservatives, 
spices and acid. 

***** 
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bent composition, and agitation of the aqueous medium 

METHOD FOR DRYING WATER-ABSORBENT during exposure tend to reduce the occurrence of lump- 

COMPOSinONS ing, while agitation of the aqueous medium after expo- 

BACKGROUND OF THE INVENTION , sure ™f *** passage of toe tend to dissolve lumping 

5 once it has occurred. Nonetheless, in many instances the 

I. Field of the Invention specific application in which the absorbent composition 

This invention relates to a method for drying water- is used precludes one or more of the aforementioned 

absorbent compositions of matter to further improve expediencies, and the need remains for an absorbent 

their particle agglomeration, "wet-out" and consequent composition having improved aqueous dispersibility 

absorbent properties. More particularly, the invention 10 (i.e., better wet-out and less lumping), 
relates to a method for drying water-swellable, water us . Pat Na 4,043,952, assigned to the assignee 

insoluble ionic complexes of a water soluble anionic herein, teaches a method for improving the water-dis- 

po yelectrolyte and polyvalent metal cations having a persibility of such water-absorbent (water swellable) 

valence of at least three while retaining the granular ^positions of matter by surface treating with polyva- 

form thereof. 15 lent metal cations to ionically complex the exposed 

I n fi f ^ OT f°r u^ 0 ^ , ■■ • outer surface of the absorbent composition. 

Recently there has been a high degree of activity in ^ method disclosed fa ^ above _ men _ 

the area of water-insoluble particulate hydrocolloid tioned pa £ nt provides a dramatic improvement in the 

absorbent commons of matter and products using water ^ pe j; mtv or « wetK)ur parties, the need 

the same, such as absorbent dressing diapers, caterne- 20 for ^ iap J^ makt still exists TOs need is parti* 

mal tampons, and the like for absorbmg aqueous fluids lllo ,,„ ftWM „,il _ .„ . ? 7~ " F T7 

such as water, urine and other aqueous body exudates. fSLSS^ composition 

Such substantially water-insoluble compounds maintain ti^^^u^^ f °™' * ^ 

their particular character as they imbibe and absorb been P°?ff d drying operation itself may be 

many times their weight of surrounding liquid, and in 25 ^P*"*^ fo f a decrease * * e wet-out and conse- 

doing so, swell. The compounds are capable of absoring ^ water-absorpUon properties. lt has fiirther been 

at least 15 times their wdght of fluid. In doing so, each obscrved conventional tray drying (either with 

individual absorbent particle swells or enlarges several c **??™ c to m t or . oven temperatures) results in a finely 

hundred percent times its individual size without de- ^ 1Y ! d °? or P^vennd product in contrast to the more 

struction of its initial particulate integrity. Each particle 30 des 5f d granular form. 

maintains the appoximate shape and geometry it had " * "«*fare object of the present invention to 

before contact with liquid, but the dimensions are Provide a method for improving the "wet-out" proper- 

greatly enlarged to provide for the binding of the liquid tics <? f absorbent compositions of matter. 

absorbed therein. As the water-insoluble compound . It « a further object to provide a memcd for improv- 

accepts liquid, it substantially immobilizes the liquid 35 "wet-out" properties while retaining the composi- 

therein, and the resulting particulate liquidswollen ^ons m granular agglomerated form. 

structure is gelatinous. The mass of swollen particulate Thfsc and other objects will be apparent from the 

water-insoluble particles defines an aciniform structure description which follows. 

since each mowidual absorbent particle is a greatly SUMMARY OF THE INVENTION 

enlarged particle, having become liquid-swollen or 40 

grape-like or acinus in form due to the liquid it has It has now been found that particle agglomeration 
absorbed. The individual swollen particles are tacky ^ the "wet-out" and consequent absorbent properties 
and hence form a clustered mass of liquid-swollen parti- °f water-absorbent compositions based on anionic poly- 
cles. The particles remain in an acinus form state despite electrolytes and surface treated in accordance with the 
the presence of liquid in excess of their ability to absorb. 45 method described in U.S. Pat No, 4,043,952 may be 
The liquid-swollen particles bind their absorbed water synergistically improved by drum drying under con- 
tightly, but upon drying, they become dehydrated and trolled conditions. This improvement in wet-out is thus 
return more or less to their original size. At this time accomplished while maintaining the composition in 
they can operate more or less as before to absorb and granular form without the necessity for finely dividing 
bind liquids. 50 the material so as to create more surface area but 
These water absorbent compositions of matter, are, thereby producing an undesirably dusty, fine powder, 
however, subject to the problem variously termed in The present invention is therefore concerned with 
the art as lumping, poor "wet-out" or poor water dis- the production of a highly water-absorbent water- 
persibility. Thus, upon exposure to the aqueous fluid to insoluble composition of matter comprising the steps of: 
be absorbed, the absorbent compositions exhibit poor 55 (A) forming a dispersion comprising (i) a water-swel- 
dispersibiiity in the aqueous medium and, at least mi- lable, water-insoluble ionic complex of a water-soluble 
tially, form visible clumps consisting of fluid-swollen anionic polyelectrolyte and polyvalent metal cations 
material on the surface and relatively dry material on having a valence of at least three, (ii) polyvalent cations 
the inside. Expecially when used in the form of rela- of at least one metal and (iii) a dispersing medium in 
tively fine powders, the exposed surface of the absor- 60 which said composition of matter is substantially insolu- 
bent composition forms a gel-like structure which inhib- ble, said dispersing medium containing at least one non- 
its the passage of the aqueous fluid therethrough. Ac- aqueous liquid in which said composition is substan- 
cordingly, the absorbent capacity of the compositions is tially insoluble; 

at least initially reflective of only the absorbent capacity (B) maintaining said dispersion at a temperature of 

of the surface, and not the absorbent capacity of the 65 about -40* C to about + 150° G for a period of time 

interior as well. A slow rate of exposure of the absor- sufficient for said cations to ionically complex the outer 

bent composition to the aqueous medium to be ab- surface of said composition of matter exposed to said 

sorbed, the use of relatively large granules of the absor- dispersing medium, and 
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(C) separating said surface treated composition and to the acid form (such as alkenyl sulfonic acid corn- 
dispersing medium. pounds and sulfoalkylacrylatc compounds). 

The method of the present invention is directed to the Exemplary of the sulfate-contaiiiing poly-electrolytes 
drum drying under controlled conditions of the resul- are those formed by reacting homopolymers and co- 
tant surface treated composition. In broad description, 5 polymers containing hydroxyl groups or residual poly- 
the surface-treated composition is washed with a me- mer unsaturation with sulfur trioxide or sulfuric acid; 
thanol/water (90/10) mixture and subsequently fed in for example, sulfated polyvinyl alcohol, sulfated hy- 
slurry or cake form onto a heated drum dryer. The droxyethyl acrylate, sulfated hydroxypropyl methacry- 
flaked dry product recovered from the drum surface Exemplary of the phosphate-containing poly-elec- 

(moisture about 2-6% by wt) is thereafter ground or 10 trolytes are the homopolymers and copolymers of eth- 
comminuted to a specified mesh size and is suitable in ylenicafly unsaturated monomers containing a phos- 
that form for end-use applications such as an absorbent P^ric ^ moietv ' 8uch 88 methacryioxy ethyl phos- 
in diapers or catamenial tampons, or storage. phate. 

Exemplary of the poly-electrolytes formed of natural 
DETAILED DESCRIPTION OF THE is polymers and their derivatives are the carboxylated, 

PREFERRED EMBODIMENTS sulfonated, sulfated, and phosphated derivatives of eel- 

Although any water absorbent composition of matter lulose and starch such as carboxymethyl cellulose and 
will benefh from the specific drymg method disclosed carboxymethyl starch. Naturally occurring anionic 
herein, the present invention is preferably directed for „ n ^lyelectro ytes such as alginates, carrageenen, protems 
use wkh the compositions described in U.S. Pat appli- 20 <f ? h as gelatin, casern, and soya protein , gum arable, 
cation Ser. No. 55&291. filed Mar. 7, 1975 now U S. *£• and gum chau also have utihty. ^ 
S^No 4,090,013, toe oisclosure of which is incorpo- ^ ^vfe<nrolyte polymers may be prepared by 
* j . V - ^ V t ™™i JCT conventional polymerization techniques, such as solu- 

rated herein by reference. In general, these composi- emulsionT suspension, and precipitation polymeri- 
tions are formed through the polymerization and ionic ^ ^ ^^ a ^^ e ^ w ££crMy 

comp exmg of one or more monomers, which mono- ^ a free radical polymerization mecha- 

mers if homopolymenzed would form a water-soluble ^ Qfher polymerization mechanisms, including ani- 
polymer, wherein the complexing is effected with poly- Qnic and JT^ mcchanisms ^ ^ used. The poly- 
valent metal cations i having a valence of at least three. clecUolyt& gcncraU y has a molecular weight of from 

The preferred polymers are the carboxyuc acid ho- 3Q 10 00 q to io7oo0,000. 
mopolymers containing at least 20 mole percent carbox- ' A poiyy^^ ^tal cation is then used to complex the 
ylic acid units, e.g., polyacrylic acid. poly-electrolyte to render the overall polymer compos- 

Exemplary of the carboxyhc acid-containmg polye- ite substantially insoluble yet highly swellable in aque- 
lectrolytes are the synthetic copolymers of ethyleni- 0U8 me dia guch as water, urine, blood, etc. The cations 
cally unsaturated monomers with monc-ethylenically 35 have a valence of at least three and are cations of metals 
unsaturated carboxylic acids or their partially neutral- belong to the following groups of the Periodic Table: 
ized salts. Examples of the preferred a, Jff-mono- IHB, IVB, VB, VIB, VIIB, VIII, HIA, FVA, VA, VIA. 
unsaturated carboxylic acids include acrylic acid, meth- xhe preferred metals are aluminum, zirconium, chro- 
acrylic acid, maleic acid, maleic anhydride, itaconic mium, titanium, and iron, and to a lesser degree anti- 
acid, itaconic anhydride, fomaric acid, half esters or half 40 mony and bismuth. Aluminum is an especially preferred 
amides of maleic, fumaric and itaconic acid, crotonic metal 

acid, etc Examples of the preferred a, /J-ethylenically The metal compound used to contribute the cation 
unsaturated monomers include acrylamide or methac- can be added prior to polymerization of the poly-elec- 
rylamide and their N-alkyl and N,N-dialkyl derivatives trolyte, during polymerization or post-added to a poly- 
containing 1-18 carbon alkyl groups, alkyl acrylates 45 meric poly-electrolyte solution, the only restraint being 
and methacrylates containing 1-18 carbon alkyl groups, that the metal compound be at least ionizable or soluble 
vinyl esters, vinyl aromatic compounds, dienes, etc. hi the system. The polyvalent metal can be added to the 

Homopolymers of monoethylenically unsaturated composition by means of a basic, acidic or neutral salt, 
carboxylic acids or mixtures of these monomers may hydroxide, oxide or other compound or complex which 
also be used. Examples include acrylic and methacrylic so has at least limited solubility in water or an organic 
acid homopolymers and acrylic acid/methacrylic acid solvent in which the poly-electrolyte and its constituent 
copolymers. monomers are also soluble at the time of cation intro- 

Exemplary of the sulfonic acid-containing poly-elec- duction. 
trolytes are the homopolymers of nonethylenically un- Examples of inorganic salts include' chlorides, ni- 
saturated sulfonic acids (or salts thereof) and copoly- 55 trates, sulfates, borates, bromides, iodines, fluorides, 
mers thereof wih the aforementioned ethylenically un- nitrides, perchlorates, phosphates, and sulfides, such as 
saturated monomers. Suitable sulfonate^ntaining aluminum chloride, aluminum sulfate, ferric sulfate, 
monomers include aromatic sulfonic acids (such as sty- ferric nitrate, antimony trichloride, bismuth chloride; 
rene sulfonic acids, 2-vmyl-W)romobenzenesulfo«ic zirconium chloride, chromic sulfate, and chromic ni- 
acin 4 , 2-vmyM-ethylbenzenesulfonic acid, 2-allyl ben- 60 trate. Examples of organic salts include salts of carbox- 
zene sulfonic acid, vuylphenylmethane-sulfonic acid ylic acids such as carbonates, formates, acetates, buty- 
and 1 -sulfo>3-vinylphenylmethane sulfonic acid), heter- rates, hexanoates, adipates, citrates, lactates, oxalates, 
ocyclic sulfonic acids (such as 2-sulfo-4-vmylfurane and oleates, propionates, salicylates, glycinates, glycolates 
2-stilfo-5-aUylfurane), aliphatic sulfonic acids (such as and tartrates; for example, aluminum formoacetate, 
ethylenesulfonic acid and 1-phenylethylene sulfonic 65 basic aluminum acetate, chromic acetate, aluminum 
acid), sulfonic acids containing more than a single acid citrate, aluminum diformate, aluminum triformate, tita- 
radical (such as a-sulfoacrylic acid and a-sulfoethylene- mum oxalate, ferric acetate, aluminum octate, ferric 
sulfonic acid), and sulfonic acid derivatives hydrolzable oleate, zirconium lactate and zirconium acetate. 
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The ammonia and amine complexes (and especially bly 40-85%, of its anionic groups neutralized with a 
those coordinated with ammonia) of these metals are suitable base such as an alkali metal hydroxide, a pri- 
particularly useful. Amines capable of so complexing mary f secondary or tertiary amine, etc. The neutraliza- 
include morpholine, monoethanol amine, diethylamino- tion acts to uncoil and straighten out the polymer chains 
ethanol and ethylenediamine. Examples of these amine 5 in aqueous fluids so that the final complex is more swell- 
complexes include ammonium zirconyl carbonate, am- able in the presence of such fluids, 
monium zirconyl glycinate, and ammonium chelate of The poly-electrolytes must be substantially water-sol- 
nitrilotriacetic acid. Polyvalent metal complexes (salts) uble at some pH between 2.0 and 8.5 to utilize the metal 
of organic acids that are capable of solubilization in an complexing and form the desired water-insoluble absor- 
alkaline pH range may also be employed. Such anions as 10 bent complex. However, the reversibility of ionic com- 
acetate, glutamate, formate, carbonate, salicylate, gly- plexing (as opposed to covalent bonding) is well known 
colate, octoate, benzoate, gluconate, oxalate and lactate in the chemical art and once the pH of the complex is 
are satisfactory. Polyvalent metal chelates wherein the raised above a certain level (i.e., the pH of reversibility), 
ligand is a bidentate amino acid, such as glycine or the complex breaks down, yielding again the water-sol- 
alanine, are particularly useful. 15 uble, non-absorbent poly-electrolyte. This reversibility 

Other organic compounds containing polyvalent of complex formation facilitates easy and economical 

metals are also useful; for example, the metal alkoxides, application of the complex onto a desired substrate by 

metal alkyls, and acetyl acetonates, such as aluminum use of conventional fluid application techniques. Prior 

isopropoxide, titanium acetyl acetonate, alu min u m ace- to application a suitable quantity of a base is added to 

tyl acetonate, chromic acetyl acetonate, zirconium 20 the complex to cause dissolution thereof into a solution 

ethoxide, chromic isobutoxide and triethyl aluminum. containing the cation and the water-soluble poly-elec- 

The cations of one or more of such metals are present trolyte thereof, and subsequent to application an acid is 

in the absorbent composition at a level of 0.01-5.0 mini- added to the solution to cause a re-formation of the 

equivalents of cation per gram of poly-electrolyte, and absorbent complex. In a preferred technique a volatile 

preferably 0. 1-1 .0 milliequivalents of cation per gram of 25 base (such as ammonium hydroxide) is employed to 

poly-electrolyte. Lower cation levels do not render the break the complex so that a mere drying of the solution 

polymeric composition water-insoluble, while higher suffices to lower the pH and hence cause re-formation 

cation levels render the polymer composition not only 0 f the absorbent complex without the addition of an 

water-insoluble, but also non-swellable. acid. The acid strength of the poly-electrolyte acid has 

Lower cation levels within the range are especially 30 a marked effect upon the pH of reversibility. The higher 
effective when the poly-electrolyte is of relatively high the acid strength (i.e:, the lower the pH of dissociation), 
molecular weight Regardless of pH, higher cation lev- the lower the pH of reversibflity. For example, poly- 
els within the specified range contribute to the perma- acrylic acid, a weak polymeric acid, reverses its com- 
nency of the gel formed by exposure of the dried com- pica at pH 8.5-9.0 whereas styrene sulfonic arid, a very 
plex to the fluid to be absorbed; but it is noted that in 35 strong polymeric acid, reverses its complex at a pH of 
many applications (e.g., diapers, tampons, etc.) a gel life about 3.5-5.0. 

of only a few hours is required and hence lower cation The preferred composition is a polyacrylic acid- 
levels within the specified range may be suitable. In /aluminum cation complex. The aluminum cation is 
general it has been found that the optimum cation level typically added (as aluminum acetate) during precipita- 
varies with the ion size of the cation. 40 tion polymerization of the acrylic acid with a free radi- 

As will be recognized by those familiar with the art of cal catalyst, to provide about 0.3 milliequivalents of 
complexing, not all of the available ionic linkages of a aluminum per gram of polymer, according to the fol- 
given polyvalent cation will necessarily be associated lowing formulation: 
with different poly-electrolyte polymeric chains; espe- 
cially in the case of the cations, such as zirconium, hav- 45 

ing valence or oxidation states greater than 3, inner salt . w£fcht Ingredient 

formation (that is, the attachment of a single cation — — : — 

exclusively to a single polymer chain or to a number of 27>4 S^S^id^ 

polymer chains less than the valence) will occur to an 0.19 iUyl mcthicrylate 

unspecified degree dependent on the spatial geometries 50 ^ biiic aluminnm acetate 

presented by the reagents involved, relative concentra- 
tions, eta Accordingly, the specification herein of the Thus, the formation of a light-to-moderate network 
relationship of milliequivalent weights of cation per of linkages between polymer chains by ionic linkages 
gram of poly-electrolyte is predicated not on a theoreti- renders the composition , water-insoluble, but water- 
ed basis, but rather on experimental results. 55 swellabk. The dry absorbent composition is rendered, 

The absorbency of the composition is improved when in the presence of a quantity of body exudate or other 
the poly-electrolyte is at higher molecular weight levels water-containing material, into a gelatinous agglomer- 
within the specified range of 10,000 to 10,000,000. Ac- ate of liquid-swollen particulate members. The compo- 
cordingly, various di-functional monomers such as allyl sition is capable of absorbing at least 15 times its weight 
methacrylate may be used to chain extend the poly-elec- 60 in body exudate, and generally at least 40 times its 
trolyte prior to exposure to the cation. The amount of weight Furthermore, the composition is capable of 
chain extender used must, of course, not render the retaining the absorbed exudate even when exposed to 
poly-electrolyte insoluble in aqueous media. The an- pressure sufficient to deform the agglomerate, and gen- 
creased chain length of the poly-electrolyte permits erally up to pressures of about 2.5 psL 
lower cation levels to be employed as there are fewer 65 The absorbent capacity of the composition is inde- 
polymer chains to be complexed. pendent of its physical dry form, and accordingly the 

The absorbency of the composition is also improved composition may be used as a film, powder, or fiber. It 

when the poly-electrolyte has up to about 95%, prefera- can be utilized as an absorbent of any aqueous fluid 



06/27/2002, EAST Version: 1.03.0002 



4,127,944 

7 8 . . 

mixture such as water, blood or urine, and is useful in tyl acetonate, chromic acetyl acetonate, zirconium 
conjunction with other materials to form articles of ethoxide, chromic isobutoxide and triethyl aluminum, 
manufacture (such as absorbent dressings, diapers, sani- The cations of one or more of 6uch metals are present 
tary napkins, catamenial tampons, cosmetics, absorbent in the dispersion at a level of 0.05-10.0 inifflequivalent 
non-woven fabrics, and the like) as well as by itself (as 5 of cation per gram of the absorbent composition of 
an absorbent body powder, soil additive to maintain matter on a dry basis, and preferably 0.1-2.0 milliequiv- 
moisture, anti-perspirant, seed germination aid, pet litter alents of cation per gram. In general, the finer the parti- 
additive to absorb urine, and the like). The composition cle form of the dry absorbent composition, the more 
may be utilized furthermore in articles of manufacture cation should be employed. 

where water absorbency is not the end in and of itself, 10 The choice of dispersing medium is not critical, pro- 

but merely a means to the end; for example, the absor- viding only that the absorbent composition of matter is 

bent composition may be an ingredient of tablets de- substantially insoluble therein. Of course, as pointed out 

signed to dissolve rapidly in water or bodily fluids. above, the compound used to introduce the polyvalent 

The surface treatment step employed herein is that metal cation into the dispersion must also be ionizable 
described in U.S. Pat. No. 4,043,952, the disclosure of 15 or soluble in the dispersing medium. The dispersing 
which is incorporated herein by reference. Thus, the medium is preferably one or more of the following 
polyvalent metal cations used have a valence of at least liquids in which the dry absorbent composition of mat- 
two and are cations of metals belonging to the following ter is substantially insoluble: aliphatic or aromatic alco- 
groups of the Periodic Table: IB, HB, IIIB, IVB, VB, hols containing 1 to 18 carbon atoms (such as methanol, 
VIB, VIIB, VIII, IIA, IIIA, IVA, VA, VIA. The pre- 20 ethanol, isopropanol, 2 ethyl hexanol, benzyl alcohol, 
ferred metals are aluminum, zirconium, chromium, tita- etc.), ketones (such as acetone, methyl ethyl ketone, 
nium and zinc. Aluminum is especially preferred. etc.), alkyl ethers (such as ethyl ether, etc.), aliphatic 

The polyvalent metal compound providing the poly- and aromatic esters (such as ethyl acetate, butyl propio- 
valent metal cation can be added to the dispersing me- nate, etc.), alkanes containing 5 to 18 carbon atoms 
dium before, with or after the absorbent composition of 25 (such as hexane, heptane, etc.), aromatics (such as ben- 
matter. The only restraint on selection of the polyvalent zene, toluene, etc.), blends of water-miscible solvents 
metal compound is that it must be at least ionizable or (such as lower alkyl ketones and alcohols, dioxane, 
soluble in the dispersing medium. Thus the polyvalent dimethyl formamide, eta) with water. Other solvents 
metal cations can be added to the dispersing medium by such as dimethyl sulfoxide and tetrahydrofuran also 
means of a basic, acidic or neutral salt, hydroxide, oxide 30 have utility. 

or other compound or complex which has at least lim- The dispersing medium is typically (but not necessar- 

ited solubility in the dispersing medium. ily) used at a level of about 0.5 to 100 parts, and prefera- 

Examples of suitable inorganic salts include chlo* bly about 2-10 parts, per part by weight of the absor- 
rides, nitrates, sulfates, borates, bromides, iodines, fluo bent composition of matter on a dry basis, 
rides, nitrides, perchlorates, phosphates and sulfides, 35 TREATMENT OF THE DISPERSION 
such as zinc chloride, banum chloride, aluminum chlo- 
ride, aluminum sulfate, ferric sulfate, ferric nitrate, ariti- Once the dispersion is formed, it is maintained for a 
mony trichloride, bismuth chloride, zirconium chloride, period of time sufficient to permit the polyvalent metal 
chromic sulfate, and chromic nitrate. Examples of suit- cation to ionically complex the surface of the absorbent 
able organic salts include salts of carboxylic acids such 40 composition of matter (and more particularly the ani- 
as carbonates, formates, acetates, butyrates, hexanoates, onic poly-electrolyte thereof). In general, a moderate 
adipates, citrates, lactates, oxalates, oleates, propio- level of ionic complexing at the surface is desired. If the 
nates, salicylates, glycinates, glycolates and tartrates; level of surface complexing is either too light or too 
for example, zinc acetate, chromium acetate, aluminum heavy, no improvement in water-dbpersibility is gained, 
formoaoetate, basic aluminum acetate, chromic acetate, 45 The optimum level of surface complexing may easily be 
aluminum citrate, aluminum diformate, aluminum tri- determined for a given poly-electrolyte and given cat- 
formate, titanium oxalate, ferric acetate, aluminum oc- ion set by plotting the dispersibility and/or full disper- 
se, ferric oleate, zirconium lactate and zirconium ace- sion time as a function of various levels of surface cross- 
tate! Basic aluminum acetate is a preferred organic salt. linking. The amount of, time required will naturally 

The ammonia and amine complexes (and especially 50 depend both upon the degree of complexing desired and 
those coordinated with ammonia) of these metals are the temperature at which the dispersion is maintained, 
particularly useful. Amines capable of so complexing Generally, the temperature is maintained within the 
include morpholine, monoethanol amine, diethylamino- range of from -40* C to + 150* C, preferably from 25° 
ethanol and ethylenediamine. Examples of these amine C, to 100° C. At these temperatures, suitable complex- 
complexes include ammonium zirconyl carbonate, am- 55 ing is achieved in a period of time from about one min- 
monium zirconyl glycinate, and ammonium zirconium ute to several hours, and preferably from five minutes to 
chelate of nitrilotriacetic acid. Polyvalent metal com- one hour. 

plexes (salts) or organic acids that are capable of solubi- After the desired degree of complexing has occurred, 

lization in the dispersing medium may also be em- the modified composition and the dispersing medium 

ployed. Such anions as acetate, glutamate, formate, 60 are separated by conventional techniques,- for example, 

carbonate, salicylate, glycolate, octoate, benzoate, glu- by evaporation of the dispersing medium or by filtra- 

conate, oxalate and lactate are satisfactory. Polyvalent tion. 

metal chelates wherein the ligand is a bidentate amino DRYING METHOD 
acid, such as glycine or alanine, are particularly useful. 

Other organic compounds containing polyvalent 65 The present method contemplates the drying of the 

metals are also useful; for example, the metal alkoxides, waterabsorbent composition by feeding a defined slurry 

metal alkyls, and acetyl acetonates, such as aluminum of the material onto a heated drum dryer of the single, 

isopropoxide, titanium acetyl acetonate, aluminum ace- the double roll, or twin drum type. As already men- 
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tioned, the method preferably utilizes the surface constituting a methanol/water mixture. The wet cake 

treated water-absorbent composition obtained as de- should have a water on solids ratio of from 15 to 50% 

scribed above, but it can be understood that the un- and from 20 to 40% preferably. The cake is prepared for 

treated composition could likewise be used in similar use by appropriate selection of the methanol/water 

manner. Preferably, the composition, whether treated 5 mixture containing the necessary amount of water. The. 

or not, would be washed at least once with a methanol/- drum temperatures using the wet cake feed are essen- 

water (approximately 90/10)mixture and separated into tially as described for the slurry feed but minor adjust- 

a wet cake containing about 50% solids. ments in drum revolutions and gap separations may be 

The cake comprising the water-absorbent composi- necessary, 
tion is thereafter diluted with additional water and 10 The temperature, drum speed, etc. are adjusted as 
methanol as necessary to provide a slurry having a necessary to produce the dried absorbent composition 
solids content of approximately 25%, by weight, al- containing from about 2-6% volatiles (moisture) by wt 
though the solids content is not critical and conve- It is to be understood that the invention is likewise 
niently may range from 20 to 35% by weight. Of more operable to effect drying of the composition such that it 
importance is the ratio of water to solids, and for pur- 15 contains essentially no moisture ranging to a moisture 
poses of this method, it has been found necessary to level of 12 or 14%. The dried flaked material is recov- 
adjust the slurry with water (and methanol) to yield a ered from the drum surface in conventional manner. In 
water on solids content, expressed in wt percent, of sieving of the collected material it is found that at least 
from 15 to 85%, with 25 to 75% preferred. Use of a approximately 35% possesses a particle size of from 
slurry within the above parameters tends to maximize 20 <30 to >200 mesh sieves (USSS). The latter particle 
particle agglomeration yielding lesser amount of dust size range has been found to be most effective in effect- 
fines by grinding the dry flakes. Likewise, the absorbent ing the polymer absorbent under generally used condi- 
property of the resultant compositions is improved as dons. TTie remaining coarse particles are comminuted 
compared to compositions dried from slurries falling or ground to a particle size within the mentioned range 
outside the specified parameters. 25 while the particles (fines) are ordinarily discarded be- 
As an illustrative calculation, if 1,000 gms. of a slurry cause of difficulties connected in their handling, 
having a 25% solids and 30% water on solids concen- As a still further variation in the drying method the 
tration is desired, one begins by taking 500 gms. of wet drum dryer may be enclosed in vacuum chamber where 
cake of the washed absorbent composition which ordi- the actual drying is carried out under reduced pressures, 
narily is 50% solids, 45% methanol and 5% water, all 30 Such variation will ordinarily hasten the drying process 
on a weight basis. (It is assumed that where the cake is and in some instances lead to still further improved 
not precisely at 50.0% solids, and the methanol/water agglomeration of the dried product with consequent 
mixture is not 90/10, obvious adjustments in the calcula- production of less fines while maintaining high absor- 
tions would be made.) The 500 gms. of wet cake would bent properties, 
yield 250 gms. of solids, and 225 gms. of methanol and 35 

25 gms. of water. Since water on solids is set to equal EXAMPLES 

30%, the slurry would necessarily contain 75 gms. of The following examples illustrate the method of the 

water, and an additional 50 gms. of water would be invention and also show the improved results obtained 

needed. Moreover, 450 gms. of methanol would be by such practice. 

added (in addition to the 225 gms. already present) to 40 

yield 1,000 gms. of the final slurry. EXAMPLE I 

While methanol is the preferred alcohol for use in the 1 120 Grams of washed wet filter cake containing 
wash mixture, slurry, etc., it is also possible to utilize 50% absorbent polyelectroiyte (total basic aluminum 
other water-miscible alcohols, for example, ethanol, acetate 2.5% based on starting monomer), 9% water 
isopropanol, propanol, and butanol, throughout the 45 and 41% methanol were suspended in 784 gms. of meth- 
method in place of methanol. Mixtures of such alcohols anol and 96 gms. of water to obtain a slurry at 28% 
are likewise useful. solids and 35% water on solids. The slurry was dried on 
In accordance with the invention, the slurry is there- a double drum dryer running at 5 rpm with a 9.0-1 1 mil 
after fed onto a single, double or twin drum dryer separation between the drums and having a surface 
where the temperature is preferably maintained at 50 temperature of 340 s -345° F. The dried product was 
300°-35O° F. Temperatures as low as about 250° F, and obtained in the form of flakes which were sifted on 30 
as high as 380" F. may be used, however. The drum and 200 mesh sieves (USSS). About 80% of the flakes 
revolutions (revolutions per minute) are varied as neces- were already in the desired <30 to >200 mesh range, 
sary, slowed with low temperatures and speeded with The coarse fraction (>30 mesh) was milled and re- 
high temperatures, in order that the composition is 55 screened twice in order to reduce the amount of coarse 
given sufficient residence time to dry to the approxi- material to a negligible amount In total, 93% of the 
mately 2-6% moisture level ordinarily desired. The original flakes were thus obtained as product having a 
distance between the rollers of the twin drums (or the particle size in the <30 to >200 mesh range, with the 
nip feed in the case of a single roll) may be adjusted as balance in the form of fines (<200 mesh). Hie agglom- 
necessary to produce a film thickness of about 10 to 100 60 er ated product had a volatile (moisture) content of 
mils. Those skilled in the art will need a minimum of 4.3% and absorbed 10 times its weight of synthetic urine 
experimentation to provide the necessary adjustments in 17 seconds, 32 times its weight of synthetic urine in 
in the opening, feed rate and roll temperature to provide 500 seconds and 33 times its weight of synthetic urine at 
a suitably dried composition. equilibrium. 

In a variation of the method herein, it is also possible 65 _ 

to utilize wet cake in feeding the drum dryer. Ordinar- EXAMPLE II (Comparison) 

ily, the wet cake fed on to the drum dryer will contain When the washed wet cake of Example I (18% water 

from about 36-55% solids with the liquid component on solids) was screened through 8 mesh and tray dried 
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in one-inch layers at 260'-270° F. to a moisture content flakes was within the desired mesh range. The *&& om ' 

of about 5.0%, a dried product with many lumps was erated product had a volatiles content of 4.6% and 

obtained. Only 40% of the product was in the desired absorbed 10 times its weight of synthetic urine in 12 

<30 to >200 mesh range, and 33% was obtained as seconds and 30 times its weight of synthetic unne at 

fines (<200 mesh). The coarse, hard lumps had to be 5 equilibrium. 

milled and rescreened five times in order to reduce this EXAMPLE VI (Comparison) 
coarse fraction to a negligible amount. After combining 

the ground material with the original "as is" material When 1500 gms. of the wet cake of Example V was 

having the desired particle size, only 61% of the total resuspended in 1500 grams of 75/25 methanol/water 

dried product was within the desired <30 to >200 Id and vacuum filtered, it now was composed of 45% 

mesh range. In addition, the product thus obtained had solids, 16.8% water and 38.2% methanol. The ratio of 

markedly inferior absorbency characteristics when water to solids was 37.3%. About 300 gms. of the fresh 

compared to the product hi Example L It required 110 cake was dried for 15 minutes on a laboratory forced 

seconds to absorb 10 times its weight of synthetic urine circulation hot air tray dryer with the air temperature 

and at equilibrium had absorbed only 25 times its 15 maintained at 350* F. Forty-six percent of the product 

weight, obtained from the dryer was in the <30 to >200 mesh 

range and 49% was in the form of hard lumps (> 30 
EXAMPLE m (Comparison) mesh). These lumps required six mill passes in order to 
When 7.5 lbs. of the washed wet cake from Example reduce them to a negligible amount When the <30 to 
I was resuspended in 7.5 lbs. of a solvent consisting of 20 >200 mesh materials were combined, 87% of the origi- 
80% methanol and 20% water and centrifuged, a cake nal dried product has been recovered in the desired 
at 45% solids and 13.4% water was obtained. Thus the mesh range. Although almost as much agglomerated 
water/solids ratio was raised to 30% in order to in- product in the desired <30 to >200 mesh range was 
crease agglomeration during drying. When this wet produced as was produced with the drum dryer, the 
cake was tray dried, (moisture level about 5.0%), 25 tray dried product had much inferior absorbency char- 
screened and milled in the manner described in Exam- acteristics in that it absorbed only 24 times its weight of 
pie II, 88% of the original dry product was obtained in synthetic urine at equilibrium, 
the <30 to > 200 range. However, the absorbent prop- EXAMPLE VII 
erties were again markedly inferior compared to the 

drum dried product: 40 seconds to absorb 10 times its 30 The wet cake of Example m, (washed with 80/20 

weight of synthetic urine and only 25 times its weight methanol water) at 45% solids, 13.4% water and 30% 

had been absorbed at equilibrium. water on solids was drum dried on a double roll drum at 

15 rpm with a 5 mil gap and a surface temperature of 

EXAMPLE IV (Comparison) 340*-345" F. Of the dry product obtained, 31% was in 

When 1500 grams of the washed wet cake from Ex- 35 the form of flakes in the >30 to >200 mesh range and 

ample I was resuspended in 1500 grams of 75/25 me- 65% was >30 mesh. The coarse fraction required 3 mill 

thanol/water and vacuum filtered, a filter cake was passes in order to reduce the coarse to a negligible 

obtained that now consisted of 42% solids, 17.3% water amount A total of 83% of the total dry product was 

and 40.7% methanol. The ratio of water to solids was thus obtained in the desired >30 to <200 mesh range. 

41.2%. Three hundred grams of the fresh cake were 40 The blended product absorbed 10 times its weight of 

dried for 15 minutes on a laboratory forced circulation synthetic urine in 13 seconds and 33 times its weight at 

hot air tray dryer with the air temperature maintained at equilibrium. 

350" F. Forty-nine percent of the product as obtained EXAMPLE vm 
from the dryer was in the desired <30 to >200 mesh 

range and 47% was in the form of hard lumps measur- 45 A wet cake composed of absorbent polyelectrolyte 

ing > 30 mesh. These lumps required four mill passes in (3% total basic aluminum acetate based on starting 

order to reduce them to a negligible amount. When the monomer), methanol and water was resuspended in 

materials of < 30 to >200mesh were combined, 90% of suitable amounts of methanol and water to obtain a 

the original dried product was recovered as usable slurry at 30.1% solids and 41.5% water on solids. When 

product, but the absorbent properties of this product 50 the above slurry was pumped to the nip of a double 

were inferior to the product obtained from Example In drum dryer contained within a sealed chamber wherein 

in that it absorbed only 26 times its weight of synthetic the pressure was maintained at 16.5 inches of mercury 

urine at equilibrium. and the dryer was operated at a speed of 6 rpm with a 

separation between die drums of 12 mils and an internal 

EXAMPLE V 33 steam pressure of 23 psig (about 255* F.), a dry product 

1 102 Gms. of a washed filter cake containing 50.8% was obtained in the form of flakes. The dried flakes had 

absorbent polyelectrolyte (total basic aluminum acetate 43% of their weight in >30 to <200 mesh range and 

5.0% based on starting monomer), 10.5% water and 52% was >30 mesh. After milling and sieving the 

38.7% methanol were suspended in 818 gms. of metha- coarse fraction and combining it with the "as is" prod- 

nol and 80 gms. of water to obtain a slurry at 28 % solids 60 uct, a final blend was obtained that absorbed 11 times its 

and 35% water on solids. The slurry was drum dried, weight of synthetic urine in 11 seconds and 32 times its 

screened and milled as described in Example L Eighty- weight at equilibrium. 

five percent of the flakes as obtained from the drum In summary, a method of drum drying liquid absor- 

were already in the desired <30 to >200 mesh range. bent compositions is provided which method provides 

The coarse fraction required two millings in order to 65 improved particle agglomeration while maintaining 

reduce the coarse fraction to a negligible amount. After high absorbent properties of the dried material. The 

combining the ground material with the original "as is" occurrence of lumping in the dried product is particu- 

fl a w (<30 to >200 mesh), a total of 93% of the total lady severe in drying methods using static or rotary 
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tray dryers, jacketed rotary and fluid bed dryers. In obtained in granular, agglomerated form and has 

these type of dryers a substantial portion of the product improved water dispersibility and absorbent prop- 

is obtained in the form of hard lumps (which necessarily erties. 

must be milled) and the end product possesses reduced 2. The method of claim 1 wherein the water-miscible 
absorbency properties. Thus not only does the forma- 5 alcohol employed in step (a) is selected from the group 
tion of these lumps reduce the surface area available for consisting of methanol, ethanol, propanol, isopropanol 
drying (and prolong the drying time) but the lumped and butanol. 

material when milled invariably shows a reduction of 3. The method of claim 1 wherein the water-miscible 
absorbency when compared to material which did not alcohol employed in step (a) is methanol and the slurry 
lump during drying. Attempts to dry the absorbent 10 contains from 25 to 75% water on solids, by weight, and 
product in the above dryers from a wet cake containing the composition is a water-swellable, water insoluble 
lesser amounts of water (so as to minimize lumping) is complex of an anionic polyelectrolyte and polyvalent 
also unsuccessful mainly in producing increased metal cations having a valence of at least 3. 
amounts of dust or fines. No means for agglomerating 4. The method of claim 3 wherein the surface temper- 
the dust or fines so obtained has been shown to be ac- 15 ature of the drum dryer is from 300*-350* F. 
ceptable. 5. The method of claim 1 wherein the water-miscible 

I claim: alcohol employed in step (a) is methanol and the wet 

1. A method for drying a water-absorbent composi- cake contains from 20 to 40% water on solids, by 
tion comprising the steps of: weight, and the composition is a water-swellable, water 

(a) forming a slurry or wet cake of said composition 20 insoluble complex of an anionic polyeiectrolyte and 
with water and a water-miscible alcohol such that polvalent metal cations having a valence of at least 3. 
the slurry contains from 20 to 35% solids, by 6. The method of claim 5 wherein the surface temper- 
weight, and from 15 to 85% water on solids, by ature of the drum dryer is from 300*-35O° F. 
weight, and the wet cake contains 36 to 55% solids, 7, The method of claim 1 wherein step (b) is carried 
by weight, and from 15 to 50% water on solids, by 25 out in a vacuum chamber under reduced pressure, 
weight; 8. The method of claim 1 where the composition is 

(b) feeding the slurry or wet cake onto a heated drum dried to a moisture content of less than about 14%, by 
dryer having a surface temperature of 250* to 380* weight 

F. at a rate to produce a film of from 10 to 100 mils 9. The method of claim 4 wherein the composition is 
in thickness; 30 dried to a moisture content of from about 2-6%, by 

(c) recovering the dried product in flake form from weight. 

the drum surface, whereby the dried product is .****• 
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It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Column 1, line 26, "abaoring" should read absorbing — ; 
line 31, "appoximate" should read approximate — ; line 36, 
"liquidswollen" should read — liquid-swollen — . Col. 3, line 
56, "wih" should read — with — ; line 68, "hydrolzable" should 
read -- hydrolizable — . Col. 4, line 36, "belong" should read 
-- belonging — ; line 55, "iodines" should read -- iodides 
Col. 6, line 67, "It." should read — It --. Col. 7, line 34, 
"iodines" should read — iodides — . Col. 8, line 20, "2 ethyl 
hexanol" should read — 2-ethylhexanol — ; line 66, "waterabsor- 
bent" should read — water-absorbent --. Col. 11, line 51, "In" 
should read — I — . Col. 12, line 35, " >30" should read 
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